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(54) Rubber composition. 

(57! A rubber composition comprising : 

(a) 100 parts by weight of at least one rubber selected from natural rubber, synthetic rubber and 
blends thereof ; 

(b) from about 0.1 to 15 parts by weight of at least one thiuram compound selected from compounds 
represented by formulae (I) and (II) : 



CH 3 ( CHg ) 4CHCH2, 
CoHc 

i 

CH 3 (CH 2 ) 4 CHCH 2 



C-S— S-CN 



C 9 H 



2 n 5 



^CH 2 CH(CH 2 ) 4 CH 3 



I 

:H 2 CH(CH 2 )4CH 3 



(I) 



C 2 H 5 
> CH 3 CCH 2 ) 4 CHCH 2 

C r> He 

\ 

■ CH 3 (CH 2 ) 4 CHCH 2 




(II) 



CsJ 

o 



and (c) from about 0.1 to 8.0 parts by weight of sulfur. Such a rubber composition has excellent 
scorching stability and therrnoresistant properties. 



CL 
LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



10/11/2002, EAST Version: 1.03.0002 



EP 0 479 526 A1 



15 



20 



The present invention relates to rubber compositions having good scorch stability and good thermoresistant 
properties. 

As methods for improving premature vulcanization or scorching stability of a vulcanizable rubber compo- 
sition used for rubber articles such as tires, it is well known that N,N'-dithiodimorpholine having the following 

formula 




orthiuram compounds such as tetramethylthiuram disulfide having the following structural formula 

V ii ii X 



tetraethylthiuram disulfide having diethylarnine group or tetrabutylthiuram disulfide having dibutylamine group 
are compounded in the rubber. Conventional thiuram secondary accelerator compounds are disclosed in US- 
A-3, 558,739. However, rubber compositions containing such compounds mentioned above have not been 
satisfactory with respect to both premature vulcanization or scorching stability and thermoresistant property. 

The present invention aims to provide a rubber composition having improved scorching stability and ther- 
moresistant properties. 

The present inventor has conducted various studies in order to solve the aforementioned problems, and 
as a result the present invention has been accomplished. 

The present invention provides a rubber composition comprising; 

(a) 100 parts by weight of at least one rubber selected from natural rubber, synthetic rubber and a blend 
thereof; 

(b) from about 0.1 to 15 parts by weight of at least one thiuram compound selected from compounds rep- 
resented by formulae (I) and (II): 



I ,2 5 

CH 3 (CH 2 )4CnCH 2 S S CH 2 CH(CH 2 ) 4 CE 3 




>C-3 — S-CN^ C 2 H 5 
CH 3 (CH 2 ) 4 CHCH 2 ^ ^H 2 CH(CH 2 ) 4 CH 3 



(I) 



C 2 H 5 
CH 3 CCH 2 ) 4 CHCH, 

CH 3 (CH 2 ) 4 CHCH 




(ii: 



and (c) from about 0.1 to 8.0 parts by weight of sulfur. 

The thiuram compounds used in the present invention have been not known as rubber compounding agents 
such as vulcanizers, vulcanization accelerators and stabilizers, and are novel rubber compounding agents. 

The rubber component used in the invention can include any known rubbers that are sulphur-vulcanizabfeA 
55 and include r^tujsLrub be r, stynene/butadiene copolymer rubber, polyisoprene rubber, nitrile rubber, chlorop- 1 
rene rubber, isoprene/isobutylene copolymer rubber, ethylene/propylene/diene terpolymer rubber and the like ] 
or blends thereof. Among them, natural rubber and styrene/butadiene copolymer rubber are preferable. 

According to the invention, the amount of the thiuram compound of the formula (I) or (II) added is at least 
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0.1 part by weight per 100 parts by weight of rubber, with 0.3-5.0 parts being preferred, and 1 .0-2.0 parts most 
preferred, per 100 parts by weight of rubber. 

If the amount of the thiuram compound is less than about 0.1 part by weight, sufficient effects as a vulcani- 
zation accelerator cannot be obtained, while when the amount is excess of 15 parts by weight, no additional 
5 effect results. 

Further, sulfur is compounded in amount of about 0.1 to 8 parts, preferably 0.2 to 3.0 parts, and most pref- 
erably 1.0-3.0 parts, per 100 parts by weight of rubber. 

The thiuram compound by the present invention is compounded together with sulfur, and other conventional 
additives used in the rubber industry, such as accelerator activators, vulcanization accelerators^xeinlojcjagiiL 
w lers. softeners, plasticizers, age resistant agents, processing agents and the like may also be compounded 
"within the usual compounding ranges, in addition to the thiuram compound and sulfur required in the present 
invention. 

When producing the rubber compounding rubber, the thiuram compound by the present invention may be 
mixed with the other compounding agent, or may be mixed after the other compounding agent is compounded 
15 with the rubber. 

According to the present invention, rubber compositions having both excellent scorching stability and ther- 
moresistant property can be obtained. Such rubber compositions are applicable in industrial articles such as 
tires, belts, hoses, rubber vibration isolators, or the like. Particularly, they are most suitable for the tread of a 
high speed running passenger tire. 
20 The present invention will now be further described with reference to the following illustrative examples. 

Unless otherwise indicated, all parts, percents and ratios are by weight. 

Examples 1-3, and Comparative Examples 1-3 

25 Thiuram compounds according to the present invention, sulfur and other conventional compounding agents 

were compounded with styrene-butadiene copolymer rubber. Thus obtained rubber compositions were vul- 
canized and at the same time, for comparison, rubber compositions compounded with or without tetramethyl 
thiuram disulfide instead of the thiuram compound according to the present invention were prepared. 

Additionally, rubber compositions compounded with less sulfur than is conventionally used and with more 
30 accelerator than is conventionally used, were vulcanized at the same time. 

In the examples, the evaluation methods of the vulcanizing property and blow-out test were as follows: 

(1) Vulcanizing property 

35 Vulcanizing properties were evaluated by measuring T 2 and T90 and RMH during vulcanization by means 

of a rheorneter apparatus (oscillating disc type) made by Japan Synthetic Rubber Company. RMH refers to 
maximum torque value corresponding to cross-linking density or modulus of the rubber compound. T 2 refers 
to the time to reach 2% up from the minimum torque or the bottom of the rheorneter curve when the maximum 
torque is denoted as 100%. The larger the T 2 value, the better the scorching stability. 

40 

(2) Blow-out property 

A test piece was made from the vulcanized rubber compound and its blow-out properties were evaluated 
according to the method of ASTMD-623-58 by means of a Goodrich type flexometer, and the temperature was 
45 measured when the blow-out occurred. 

The results are shown in Table 1. The abbreviations in Table 1 refer to the following . 
- — ~z SBR#1500: styrene-butadiene copolymer rubber made by Japan Synthetic Rubber Co. (trade name) 



TT: tetramethylthiuram disulfide 

DM: dibenzothiazyl sulfenamide 

50 DPG: 1,3-diphenylguanidine 

NS: N-butyl-2-benzothiazolyl sulfenamide 

— > EHT: tetra-2-ethylhexylthiuram disulfide 

EHT Sb: di-2-ethylhexyl dithiocarbamic acid antimonate 



55 
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Table 1 

w 



:> 



25 



30 



35 









Exampl s 




1 Comparative Example 






x 


2 


3 


1 


2 


3 


SBR/1500 (parts) 


100 


100 


100 


100 


100 


100 


Aromatic oil 


J f » D 


3 7.5 


37.5 


37.5 


37.5 


37.5 


ISAF carbon black 


60 


60 


60 


60 


60 


60 


Stearic acid 


1 


1 


1 


1 


1 


1 


Zinc oxide 


3 


3 


3 


3 


3 


3 


EHT 


1.5 


3 










EHT - Sb 






1.5 








TT 








0.5 






DM 


0.5 




0.5 


0.5 


0.5 


3 


| DPG 


0.5 




0.5 


0.5 


0.5 


3 


1 NS 










0.5 




S 




1.5 


1.5 


1.5 


1.5 


1.5 


0.5 


Value 


T 2 (rain) 


k.O 


5.1 


3.5 


2.8 


4.0 


2.7 


measured 
by 


T 90 (niin) 


12.8 


16.0 


12.0 


9.6 


13.3 


9.2 


rheometer 


RMH (kg cm) 


12.2 


12.5 


12.3 


12.8 


12.1 


12.3 


Temperature of 
blow-out (°C) 


230 


228 


232 


220 


208 


222 



40 



As is clear from Examples 1-3, the rubber compositions according to the present invention were surprisingly 
45 improved both in scorching stability and blow-out property of the rubber compound. 

Therefore, it is seen that the rubber composition according to the present invention can improve remarkably 
both the scorching stability and thermoresistant property at the same time. 

On the contrary, the Comparative Examples 1-3 containing conventional additives cannot improve the 
scorching stability and thermoresistant property at the same time. 

50 



55 
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Table 2 

5 









Example 


Comparative Example 1 


10 






4 


5 


4 






Natural rubber (parts) 


100 


100 


100 


— — 

100 




HAF carbon 


black 


45 


45 


45 


45 


15 


Stearic acid 


2 


2 


2 


2 




Zinc oxide 


5 


5 


5 


5 




EHT 


1,5 










EHT • Sb 




1.5 






20 


NS 






0.5 






TT 








0.5 




S 




2.5 


2.5 


2.5 


2.5 


25 


Value 


T 2 (min) 


3.0 


2.6 


3.7 






measured 
by 


T 90 (min) 


12.0 


9.8 


18.0 


scorched 

during 
kneading 
process 




rheometer 


RMH (kgcm) 


10.5 


11.0 


10.8 


30 


Temperature of 
blow-out (°C) 


234 


1 


204 



35 



Examples 4 and 5, Comparative Examples 4 and 5 

40 

Thiuram compounds by the present invention and sulfur and other conventional compounding agent were 
compounded with natural rubber in the amounts specified in Table 2. The thus obtained rubber compositions 
were vulcanized. 

For comparison, a rubber compounded with tetramethyl thiuramdisulfide (TT) instead of the thiuram com- 
45 pound according to the present invention, and a rubber compounded with conventional accelerators and sulfur 
were compounded and vulcanized at the same time. 

Testing of the rubber compositions was carried out in the same manner as Examples 1 to 3 to obtain the 
results shown in Table 2. 

The sample for the biow-out test was taken from the vulcanized rubber. 
so As is clear from Examples 4 and 5, the vulcanized rubber compositions obtained by compounding specific 

thiuram compound and sulfur according to the present invention were excellent in scorching stability and had 
high cross-linking density, and provide very useful rubber composition suitable for industrial materials. 

Further, Examples 4 and 5 show that the rubber compositions had a high temperature in the blow-out test 
and improved heat resistance. 
55 On the contrary, tn Comparative Examples 4 and 5 compounded with conventional additives, scorching 

stability and heat resistance were not improved at the same time. 

Particularly, in case of using tetramethylthiuram disulfide (TT), the rubber composition was scorched while 
kneading it, and no useful compound was obtained. 

5 
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Accordingly, the rubber compositions according to the present invention are very effective for improving 
both scorching stability and thermoresistance properties, and are very useful for industrial articles, particularly 
for the tread rubber composition of a tire. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will 
5 be apparent to one skilled in the arttnat various changes and modifications can be made therein without depart- 
ing from the spirit and scope thereof. 



Claims 

w 

1. A rubber composition comprising: 

(a) 1 00 parts by weight of at least one rubber selected from natural rubber, synthetic rubber and blends 
thereof; 

(b) from about 0.1 to 15 parts by weight of at least one thiuram compound selected from compounds 
15 represented by formulae (I) and (II): 



z fl s 



CH 3 (CH 2 ) 4 CHCH 2v 

C j2 H 5 
CH 3 CCB 2 ) 4 CHCB 2 - 



S S 

H c II. 

KC-S — S-CW 



<|Z H S 
^GH 2 CH(CH 2 ) 4 CE 3 

C 2 H 5 

^CHaCHCCHj^CKa 



(I) 




and (c) from about 0.1 to 8.0 parts by weight of sulfur. 

A rubber composition as claimed in claim 1 , characterized in that said composition comprises said thiuram 
compound represented by formula (I). 

A rubber composition as claimed in claim 1 , characterized in that said composition comprises said thiuram 
compound represented by formula (il). 

A rubber composition as claimed in any of claims 1 to 3, characterized in that said rubbercomprises natural 
rubber. 

A rubber composition as claimed in any of claims 1 to 3, characterized in that said rubber comprises 
styrene/butadiene copolymer rubber. 

A rubber composition as claimed in any of claims 1 to 5, characterized in that said composition comprises 
from about 0.3 to 5.0 parts by weight of said thiuram compound per 100 parts by weight of rubber. 

A rubber composition as claimed in claim 6, characterized in that said composition comprises from about 
1 .0 to 2.0 parts by weight of said thiuram compound per 100 parts by weight of rubber. 

A rubber composition as claimed in any of claims 1 to 7, characterized in that said composition comprises 
from about 0.2 to 3.0 parts by weight of sulfur per 1 00 parts by weight of rubber. 

A rubber composition as claimed in claim 8, characterized in that said composition comprises from about 
1 .0 to 3.0 parts by weight of sulfur per 1 00 parts by weight of rubber. 



6 



10/11/2002, EAST Version: 1.03.0002 



EP 0 479 526 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 30 8934 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D, A 



Citation of document whk indication, where appropriate, 
of relevant passages 



US-A-3 SS8 739 (H. N. KAGARISE) 
* claim 1 * 



RckvaiTt 

to claim 



CLASSIFICATION OF TJIE 
APPLICATION <1nt. CI. 5 ) 



C08K5/40 
C08K5/59 
C08L21/00 



TECHNICAL FIELDS 
SEARCHED (Int. Q.5 ) 



C08K 



Tfce present search report bus been drawn up for all claims 



THE HAGUE 



D*a of cMfhtita «f lb umi 

30 DECEMBER 3991 



VAN HUMBEECK F. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if tiken alone 

Y : particularly relevant if combined with mother 

document of the sue category 
A : tecanologlcaJ background 
O : dod -written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : doom en t died in the application 
L ; document dted for other reasons 

A : raeubef of (he sane patent family, corresponding 
document 



7 



10/11/2002, EAST Version: 1.03.0002 



